For applying the optimum backwash method to activated carbon absorption process, this study had performed an efficiency test of backwash method and a test for determination of backwash period at the M water purification plant in Daegu metropolitan city.
Ⅰ. Introduction
In advanced water purification, the absorption process of granular activated carbon removes, very efficiently, not only taste, smell, or color, but every kind of pollutants such as DBPs(Disinfection By-Products), BDOC(Biodegradable Dissolved Oxygen Carbon), SOCs(Synthetic Organic Chemicals), and VOCs(Volatile Organic Compounds) organic matter of a small amount in water 1) . Granular activated carbon has many angles and irregular shape, and can cause some problems. So it may create mudball; may leak minute activated carbon and microorganism; its low specific gravity causes loss in backwashing. Therefore, it requires proper management and careful operation 2) .
Generally, determining the date of backwashing in sand filter basins is based on the head loss of a filter layer, the leakage turbidity of processed water, and filter duration. But the quality of water flowing into the filter basin of granular activated carbon is mostly stable because it has passed through sand filtration and later ozone processing; it has a little suspension and head loss doesn't increase greatly according to filter duration. Therefore, it isn't enough to determine the date of backwashing only by the head loss of a activated carbon layer and the turbidity of processed water 3) .
In filter process, backwashing makes suspension in filter medium dropped off and removed from filter medium by proper wash methods; can increase filter efficiency after sufficient washing, and improve productivity because of increase in filter duration and decrease in backwash frequency.
However, insufficient wash effect lessens filter duration, deteriorates the quality of filtered water because of leaked suspension, and causes other problems, which can have a direct influence on the quality of purified water.
Thus, with granular activated carbon absorption process of the M water purification plant in Daegu Metropolitan City as the subject of examination, the study has compared backwash efficiency according to backwash methods, and analyzed filtered outflow water according to operation time after backwashing in order to extract factors necessary for determining the optimum backwash period as a base for efficient management of advanced water purification facilities.
Ⅱ. Experimental conditions and methods
The study selected 5 basins(2 reactivated, 2 spent carbon basins, and 1 virgin carbon basin) of granular activated carbon from 24 ones in the M water purification plant in Daegu; tried to find out the optimum condition by changing the time and method of seasonal backwash from October, 2001 to September, 2002.
Specifications and operation conditions of Granular activated carbon
24 granular activated carbon contact basins consist of 4 buildings each of which has 6 stationary downward filter basins. The rate of activated carbon and sand is 250:20(㎝); the under drainage system is strainer-type. Backwashing uses both air wash and water wash; air wash velocity is 0.83 ㎥/min·㎡ and water wash velocity 0.4㎥/min·㎡(Table1). 
The characteristics of a granular activated carbon
In a granular activated carbon contact basin, virgin carbon is domestic activated carbon made from palm shell, reactivated carbon means activated carbon produced in the compound regenerative facilities, and spent carbon is activated carbon used for over 3 years. The specification of three carbons are expressed in Table 2 . 
Experimental methods
1) An efficiency test of backwashing In order to examine backwash efficiency in a granular activated carbon contact basin, the study has measured the minimum fluidization velocity and backwash discharged-water turbidity of backwashing by changing backwash methods as in Table 3 . And through a test of the minimum fluidization, the study has measured head loss values, and regarded as the minimum fluidization velocity the time when their measurements are constant. Table 3 . Backwash methods in a granular activated carbon contact basin 2) A test of determining the date of backwashing In order to determine the proper date of backwashing for a granular activated carbon contact basin, the study has divided 4 seasons like this -spring(March to June), summer(July to September), autumn(October and November) and winter(December to February); at the beginning of every season, for 10 days the study just picked outflow water from 3 basins(spent, reactivated and virgin carbon) every day and examined 6 items like turbidity while operating and not backwashing them.
The analysis of filtered outflow water was based on the official test methods of water pollution 4) , Standard Methods 5) , and the Japanese waterworks test methods 6 ; each-item analysis equipment and test methods are as follows: On picking water, a sample of 1㎖ was diluted step by step and put on R 2 A agar; it was cultured at 20±1℃ for 7 days; HPC was measured.
(7) The quantity of germs attached to activated carbon A sample was picked by an activated carbon picker inserted, by less than 1m, into the filter layer of a granular activated carbon contact basin once every month; picked granular carbon of 50g was put into 100㎖ of sterilized and distilled water; while the water was stirred for 1 min., the carbon was washed 5 times and then dried naturally for about 4 hours. After that, 20㎖ of sterilized saline solution was poured to the dried activated carbon of 1g, and the carbon was processed ultrasonically(40㎑, 180W) for 5 min.; 1㎖ of the sample was diluted step by step in R 2 A; was cultured for 7 days at 20±1℃. The germ quantity attached to activated carbon was expressed the number of germs per 1g 7, 8, 9) . Ⅲ
. Results and consideration
The results of an efficiency experiment according to backwash methods
The turbidity of discharged water from backwashing is used as one of the important factors evaluating backwash efficiency. Generally, increase in water temperature needs raising backwash velocity 10, 11) , but the backwash equipment of granular activated carbon in the M water purification plant is uncontrollable because the condition of air is fixed in 0.83㎥/min·㎡ and that of water in 0.4㎥/min·㎡. Also, the water-position regulator was divided into 4 steps like LL(a height of 60cm over the outer layer of activated carbon), L(a height of 110cm over it), H(a height of 210cm over it), and HH(a height of 300cm over it); until now, backwashing has been performed at L water position. Accordingly, as a method for raising backwash velocity according to increase in water temperature, water position before backwashing will be controlled downward to LL and backwash effect be improved.
1) The turbidity of discharged water according to backwash time and changing water position before backwashing Table 4 shows the maximum turbidity of discharged water caused by change in backwash time. The maximum turbidity of discharged water from backwashing by air for 12 min. and by water for 20 min. at the L water position before backwashing was 4.2∼17.3NTU and higher than that from backwashing by air for 8 min. and by water for 20 min. It was 4.2NTU in spent carbon with 4 days of backwash period, 17.3NTU in spent carbon with 6 days, 7.6NTU in reactivated carbon with 6 days, and 7.3NTU in reactivated carbon with 8days. Table 4 . The turbidity of discharged water by change in backwash time Table 5 shows the turbidity of discharged water caused by change in water position before backwashing. The maximum turbidity of discharged water from backwashing by air for 12 min. and by water for 20 min. was 15.6∼40.2NTU and higher at LL water position than at L water position. And it was 15.6NTU in spent carbon with 4 days of backwash period, 18.3NTU in spent, 25.7NTU in reactivated carbon with 6 days, and 40.2NTU in reactivated with 8 days. Fig. 1 shows changes in the turbidity of discharged water from backwashing caused by backwash time and water position change before backwashing. All the 4 basins, experimental targets, were the most efficient in backwashing by air for 12 min. and by water for 20 min. As a result, when backwash efficiency is evaluated by the turbidity of discharged water, it is judged to be more efficient by controlling water position before backwashing than by controlling backwash time. 2) The minimum fluidization velocity according to changing water position before backwashing
The minimum fluidization velocity, that at the beginning of fluidization, is also the smallest velocity for expanding filter medium 2) . The point of the minimum fluidization was when air inflow gradually increases loss head and then its difference keeps constant without increasing. Table 6 shows the results of examining the minimum fluidization by 12-minute air wash or 20-minute water wash. In order to reach the minimum fluidization at the L water position, spent carbon has 6min. of air wash and reactivated has 10min. of air wash. At the LL water position, spent carbon requires 4-minute air wash; reactivated carbon 8-minute air wash.
Like this, difference in the point of the minimum fluidization between spent and reactivated carbon results from the height of an activated-carbon layer and the condition of activated carbon, etc. Also, backwashing at the LL water position required less time for the minimum fluidization than at the L water position; the loss head of both spent and reactivated carbon at the LL water position was 12㎝ higher than at the L water position.
Generally, backwashing is done by higher than the minimum fluidization velocity; increasing water temperature needs much more increase in backwash velocity because of decreasing water viscosity and lessening attraction between filter media.
Thus, lowering water position before backwashing, not backwashing by extended time, lessens time for the minimum fluidization, which can raise backwash velocity, strengthen its force over the filter medium of activated carbon, and lessen the loss of activated carbon by backwashing.
The above results put together, the method of increasing backwash effect is thought to lower water position(LL) before backwashing and to backwash at over the minimum fluidization velocity. Reactivated carbon can reach the minimum fluidization by 8-minute air wash; as 18 min. of water wash goes down to less than 5NTU, 10-minute air wash and 18-minute water wash has turned out to be proper. 
The results of an experiment for determining backwash period
The test of determining backwash period has compared the changes of water quality factors and tried to find out the right date of backwash and control factors, while operating and not backwashing for 10 days every early season. 1) Changes in the water-quality of raw water Table 7 show changes in the water quality of raw water. Changes in water temperature are obviously different according to seasons: the average tmeperature of autumn is 13.4℃; that of winter is 3.2℃; that of spring 10.2℃; that of summer 27℃. pH was 7.8∼8.6 on the average, and especially 8∼9 in spring; it's because the dry season can produce a very large quantity of algas.
And the density of chlorophyll-a has been found the highest as 67.5ppb. The average turbidity ranged from 8 to 18NTU as a typhoon, rainfall, and more caused high turbidity. Fluctuations in TOC, THMFP, UV 254 , KMnO 4 consumption were comparatively high in spring and summer influenced by the dry season, rainfall, etc.; the consumption of KMnO 4 averages 6.3∼9.1㎎/l ; UV 254 averages 0.040∼0.068㎝ -1 ; TOC averages 2.74∼3.53㎎/l; THMFP averages 0.0820∼ 0.1388㎎/l. Table 7 . Changes in the water quality of raw water 2) Changes in the water quality of outflow water from activated-carbon filtration according to days of operation after backwashing (1) Changes in turbidity Fig. 2 shows the turbidity of outflow water from spent-, reactivated-, and virgin-carbon filtration, almost the same as or a little lower than that of ozonized water: it's 0.08∼0.13NTU in spring; 0.06 ∼0.10NTU in summer; 0.06∼0.10NTU in autumn; 0.06∼0.11NTU in winter. Particularly, turbidity is somewhat higher in spring than in any other season, which results from gradual rise in water temperature and a very large quantity of generation of algas during the dry season; that seems to require much care in waterworks. However, considering the above-mentioned results, the turbidity of outflow water from activated carbon-filtration has little change according to days of operation after backwashing; turbidity can't be a factor of operation in determining the date for backwashing.
Fig. 2. Changes in the turbidity according to days of seasonal operation
(2) Changes in organic matter Fig. 3 shows changes in organic matter according to days of seasonal operation after backwashing. As for spent carbon, the removal rate of KMnO 4 consumption, UV 254 , TOC, THMFP, etc. has turned out to be just 10% by examination; the low rate has resulted from a falling-off in absorption. In autumn, 3 months after the beginning of operation, reactivated carbon has, in removal rate, 50% of KMnO 4 consumption, 43% of UV 254, 40% of TOC, 27% of THMFP and virgin carbon has, in removal rate, 45% of KMnO 4 consumption, 33% of UV 254, 39% of TOC, 25% of THMFP; the removal rate of reactivated carbon is higher than that of virgin carbon. The longer days of operation, the less removal rate. During the 10-day operation after backwashing, the removal rate of organic matter had little difference.
As a result, the removal efficiency of KMnO 4 consumption, TOC, UV 254 , and THMFP seems to be directly influenced by the quality of flowing-in water and the degree of breakdown of activated carbon more than by days of operation after backwashing; it's improper to see changes in the removal rate of organic matter as a source determining the time for backwashing. As a result, in autumn as microorganisms begin to increase on the 6th day of operation, autumn needs backwashing on the 5th or 6th day; winter needs backwashing on the 4th or 6th day of operation. In spring, HPC begins to increase on the 4th day, but spring has much more flowing-out germs, so backwashing should be done on the 2nd or 4th day. Summer has a little fewer flowing-out germs; however, high turbidity of water flows in because of typhoon or the rainy season, which results in rise in water temperature and the density of organic matter. Considering these factors, summer requires backwashing on the 3rd or 5th day of operation. On the other hand, spent carbon has a little more flowing-out germs than reactivated or virgin carbon does; it's desirable to make the backwashing date in spent carbon earlier than in activated or virgin carbon. The number of granular activated carbon-attached germs has been found as 1.4ⅹ10 5 ∼5.8ⅹ 10 8 CFU/g in case of spent carbon, 1.1ⅹ10 5 ∼1.6ⅹ10 8 CFU/g in case of reactivated carbon, and 6.6ⅹ10 5 ∼5.8ⅹ10 8 CFU/g in virgin carbon. The number with these three kinds of activated carbon was comparatively high in November, March to April, and September; decreases from December when water temperature began to fall; is the lowest in January to February and a little low in July to August with over 30℃ of water temperature( Table 8 , Fig. 5 ). This is higher than the number by Mr. Kim(1995) 13) , 10 6 ∼10 7 CFU/g, and similar to that by Mr. Park et al.,(2001) 9) , 0.6∼9.8ⅹ10 8 CFU/g.
The number of germs attached to reactivated or virgin carbon usually remains over 10 6 CFU/g from the 60th day of operation on, so its granular carbon contact basin was found to be managed by BAC; the number of granular activated carbon-attached germs has revealed that free residual chlorine or residual ozone doesn't influence BAC process very much. In spring with increasing granular activated carbon-attached germs, HPC flowing into the filter water of granular activated carbon also increases; therefore, it's necessary to advance the date of backwashing, to observe if backwashing is going well, and to take care of the existing process including a sand filter basin. 
Ⅳ. Conclusion
For the efficient operation of granular-activated-carbon absorption process in advanced water purification, the study had performed a efficiency test of backwashing and a backwash-period-determining test, with 5 granular activated carbon(spent, reactivated, and virgin carbon) basins as the subjects of study, among 24 ones in the M water purification plant in Daegu metropolitan city, from October 2001 to September 2002. And its results are as following;
An efficiency experiment according to backwash methods
1) The turbidity of flowing-out water according to changes in backwashing has proved to be 4.2∼ 17.3NTU higher in 8-minute air wash or 18-minute water wash than 10-minute air wash or 20-minute water wash.
2) The turbidity of flowing-out water according to changes in water position before backwashing has turned out to be 15.6∼40.2NTU higher at water position LL before backwashing than at water position L. 3) The point of the minimum fluidization differed according to kinds of activated carbon like spent or reactivated carbon: at the L water position before backwashing, spent carbon(the 16th basin) required 6 min. of air wash, and reactivated carbon(the 19th) 10 min. of air wash; at the LL, spent carbon(the 16th) required 4 min. of air wash, and reactivated carbon(the 19th) 18 min. of air wash. 4) Backwashing should be done at over the minimum fluidization velocity, but changing water position could raise the efficiency of backwashing more than controlling backwash time; the LL water position before backwashing had 10-minute air wash and 18-minute water wash as the most proper condition.
A test determining backwash period
1) The turbidity of outflow water from activated-carbon filtration and changes in organic matter had no big difference according to days of seasonal operation after backwashing.
2) Changes in HPC according to days of operation after backwashing was a little high on the first day after backwashing, and decreased gradually; the more days of operation, the higher HPC. Particularly, HPC was the highest in spring.
3) The number of granular activated carbon-attached germs was 1.1ⅹ10 5 ∼5.8ⅹ10 8 CFU/g, and granular activated carbon proved to be operated by BAC. The number of spent carbon-attached, reactivated carbon-attached, and virgin carbon-attached germs were high in November, March, and September; the lowest in February; especially high from March to April.
4) The date of backwashing was closely connected with the growth of microorganism, and greatly influenced by changes in water quality; therefore, HPC range, the condition of water quality, the condition of a filter basin, and the years of activated-carbon use should be considered for operation.
